, hereafter C00; H00; these two teams detected the photometric event nearly simultaneously, and the references in this Letter are not intended to give preference to either detection). This repeated transit signal allows determination of the planet's mass (by knowing the inclination) and radius (from the depth of the transit), giving masses and radii of 0.63 M J and 1.27 R J (1 Jupiter cm; 9 R=1 radius = 7 # 10 J C00) and 0.62 M J and 1.42 R J (H00). This inflated physical size of the planet is consistent with models for hot extrasolar planets (Guillot et al. 1996) . The Hipparcos satellite main mission photometry (Perryman et al. 1997 ) produced an average of 110 photometric observations per star and observed 118,204 stars over the mission duration of 1226 days. The Hipparcos-specific H p band has a peak response near 4500 Å and a half-width of 2400 Å .A 51 Pegasi b-type planet, such as that orbiting HD 209458 (HIP 108859) with a 3.523 day period (C00; H00) and a central transit duration of approximately 3 hr (C00), would be expected to be observed in transit for roughly 3% of randomly chosen observation times. data are not distributed randomly in time. The measured standard deviation of the 89 photometric measurements of the H p -magnitude 7.772 star HD 209458 is 0.015 mag. Since the planet orbiting HD 209458 has a radius of 1.27-1.42 R J (C00; H00), a maximum central transit depth of 0.015-0.019 mag is produced for a stellar radius of 1.1 R , (C00). Even though the expected transit signal is barely above the scatter about the mean of the Hipparcos data for an inflated Jupiter of 0.62 M J , we will show that the transits are in fact detected.
More than two dozen extrasolar planets have been discovered around nearby stars by measuring their Keplerian radial velocity Doppler shifts (see, for example, Marcy, Cochran, & Mayor 2000) . Two radial velocity teams have discovered a planet orbiting the star HD 209458 (Henry et al. 2000, hereafter H00; Mazeh et al. 2000) . The planet has M J (1 Jupiter g) and 30 M sin i=0.62 M=1 mass = 2 # 10 p J AU, with an assumed eccentricity of 0 but consistent a=0.046 with 0.04 (H00). Photometric observations detected a dimming of this star's light consistent with a planetary transit (Charbonneau et al. 2000 , hereafter C00; H00; these two teams detected the photometric event nearly simultaneously, and the references in this Letter are not intended to give preference to either detection). This repeated transit signal allows determination of the planet's mass (by knowing the inclination) and radius (from the depth of the transit), giving masses and radii of 0.63 M J and 1.27 R J (1 Jupiter cm; 9 R=1 radius = 7 # 10 J C00) and 0.62 M J and 1.42 R J (H00). This inflated physical size of the planet is consistent with models for hot extrasolar planets (Guillot et al. 1996) . The Hipparcos satellite main mission photometry (Perryman et al. 1997 ) produced an average of 110 photometric observations per star and observed 118,204 stars over the mission duration of 1226 days. The Hipparcos-specific H p band has a peak response near 4500 Å and a half-width of 2400 Å .A 51 Pegasi b-type planet, such as that orbiting HD 209458 (HIP 108859) with a 3.523 day period (C00; H00) and a central transit duration of approximately 3 hr (C00), would be expected to be observed in transit for roughly 3% of randomly chosen observation times. Hipparcos obtained 89 acceptable photometric measurements of the star HD 209458. The Hipparcos data are not distributed randomly in time. The measured standard deviation of the 89 photometric measurements of the H p -magnitude 7.772 star HD 209458 is 0.015 mag. Since the planet orbiting HD 209458 has a radius of 1.27-1.42 R J (C00; H00), a maximum central transit depth of 0.015-0.019 mag is produced for a stellar radius of 1.1 R , (C00). Even though the expected transit signal is barely above the scatter about the mean of the Hipparcos data for an inflated Jupiter of 0.62 M J , we will show that the transits are in fact detected.
ANALYSIS OF THE HIPPARCOS DATA
Photometric measurements of the Hipparcos data plotted modulo the orbital period of days found by 3.5239 ‫ע‬ 0.0046 H00 reveal a grouping of points below the mean of the measurements and separated in time from each other by less than the expected central transit duration of a solar-like star (Fig. 1) . Examination of the tabular Hipparcos photometry data (Perryman et al. 1997) revealed that the five points that produced this feature were from three separate "transit-like" events (a dimming of points relative to the overall data set mean, with two or more points before or after the transit to define a baseline), separated from each other in time by an integer number of orbital periods. Two events were composed of two points each, and one event had only one point below the mean. A check of photometric measurements of the nearby Hipparcos catalog star HIP 108793 made within 0.00006 days (5 s) of the data points that make up the transit-like events of HD 209458 reveals no corresponding decrease in measured brightness. This check rules out a change in the Hipparcos satellite instrumentation bias level being the cause of the transitlike events.
The best transit-like event seen in the Hipparcos data has its ingress center at barycentric Julian Date (BJD) , and the transit ingress center measured 2,448,565.171 ‫ע‬ 0.037 from H00 is (JD). 5 The interval be-2,451,490.705 ‫ע‬ 0.010 tween these two events is days. The un-2925.534 ‫ע‬ 0.047 certainty in the Hipparcos time represents the time elapsed between the first observation in the transit event and the observation immediately prior to the transit observation, an interval of 0.074 days. Using the period from Mazeh et al. (2000; days) indicates that the Hipparcos transit 3.52447 ‫ע‬ 0.00029 occurred very close to 830 orbital periods earlier (830.064 orbital periods, corresponding to a difference of 0.226 days). Since a planetary transit must repeat at the exact orbital period of the planet for an orbit that has zero or small eccentricity, if the Hipparcos event is in fact a transit it must have occurred exactly 830 orbital periods before the H00 event, and a more precise calculation of the period can be made. The new derived period is days with an uncertainty 2925.534/830 = 3.524740 of 0.000057 days (4.9 s). This newly reported period falls within the 1 j errors of both H00 and C00. The uncertainty in the period results from the uncertainty in determining the transit ingress start in the Hipparcos data (0.047 days) divided by the number of orbital periods elapsed since the Hipparcos data were taken (830). The large number of orbital periods since the Hipparcos event allows this very precise planetary orbital period determination.
ASSESSING THE SIGNIFICANCE OF THE HIPPARCOS EVENTS
Using the epoch reported by C00, we performed a limited matched filter search for the best orbital period for HD 209458b. We varied the period by 0.001157 days from that reported by C00 with a step size of days Ϫ6 1.157 # 10 and recorded the detection statistic l, which is given by
T Ϫ1
ͱ sR s where x is the vector of observations, s is the signal of interest (transits in this case), and R is the autocorrelation matrix of the noise for the observations (see, for example, Kay 1999). We assumed the noise to be white, so that R is a diagonal matrix of the reported uncertainties in the Hipparcos data. We used a piecewise polynomial approximation to the shape of the C00 data. The most significant event of was seen l=5.83 j at 3.524732 days. Figure 2 shows the detection statistic l as a function of period. To assess the likelihood that this statistic was caused by noise, we performed the following bootstrap experiment.
Drawing randomly from the original Hipparcos data with replacement, we generated 1,000,000 artificial light curves and computed the corresponding detection statistics. This method does not assume Gaussian statistics for the measurement noise, nor did we detrend the data in any way prior to our analysis. Of these 1 million trials, 21 yielded detection statistics as great as the 5.83 j event in the original data set. This result gives us confidence that the events are real and related to the transits observed by H00 and C00. We estimated the false alarm rate for each of the trial periods above by the same method and found that the false alarm rate for a period of 3.524732 days is more than 3 orders of magnitude smaller than for other periods in the range we searched.
DISCUSSION
We have found orbital periods for HD 209458b of days, using the exact orbital method 3.524740 ‫ע‬ 0.000057 (which is based on the transit ingress center measured from H00) and days, found by minimizing 3.524732 ‫ע‬ 0.000028 the squared error between the Hipparcos data set and a transit model based on parameters from C00. These values are identical to within their error bars; we therefore adopt the mean of these, days. This value is consistent 3.524736 ‫ע‬ 0.000045 with, but much more precise than, the values derived by both H00 and C00. Figure 3 shows the Hipparcos data folded at the newly derived period of days. The 3.524736 ‫ע‬ 0.000045 H00 data are superposed at phase 1.00 and scaled in magnitude so that the mean of the pretransit H00 data points coincide with the mean of the entire Hipparcos HD 209458 data set without the five transit points. The transit depth determined from the Hipparcos data set is mag. As ex-0.0223 ‫ע‬ 0.0042 pected, the error in the transit depth measured from the Hipparcos data set is quite large; it is, however, roughly in agreement with the values given by H00 and C00 (0.017 ‫ע‬ 0.002 and ∼ mag, respectively). The transit depth de-0.016 ‫ע‬ 0.002 rived from the Hipparcos data can be directly compared to those of H00 and C00, whose measurements were taken in passbands other than the Hipparcos H p system (Strömgren b ϩ y and Johnson R, respectively) because the transit depths for a star obeying the solar limb darkening law at 4500 and 7000 Å differ by only 0.001 mag (Rosenblatt 1971) .
In these calculations, the eccentricity of the planet's orbit is assumed to be zero. Since the circularization timescale of the planet's orbit is ∼ yr (after Rasio et al. 1996 and Gold-7 5 # 10 reich & Soter 1966)-much less than the estimated age of the star, 4.5 billion yr (Henry et al. 1999 )-it is likely that the planet is on a circular orbit. If, however, the orbit does have a slight eccentricity, then the observed period of days is not equal to the Keplerian period 3.524736 ‫ע‬ 0.000045 but rather the sum of the Keplerian period and a small additional factor due to precession of the orbit. Precession of the orbit would be dominated by relativistic effects, with a timescale given approximately by orbits. The planet's Keplerian 2 # 10 about 0.06 s. Since this is much smaller than the error bars associated with the period determinations derived here, precession on this order cannot be ruled out; hence, a slight eccentricity of the planet's orbit cannot be ruled out. Precession of the orbit due to nonsphericity of the star's gravitational potential and due to any other bodies that might be in the HD 209458 system would be smaller than the relativistic effect.
For HD 209458b, one of the 11 known 51 Pegasi b-type planets, the transit, duration, color signature, probability of transit geometry, and detectability against the background of stellar irradiance variations appear to be as predicted (Rosenblatt 1971; Borucki, Scargle, & Hudson 1985) . 1999 6 ) and in the globular cluster 47 Tuc using the Hubble Space Telescope (R. Gilliland et al. 1999) . 7 NASA's planned Full-Sky Astrometric Explorer (FAME) mission will observe 40,000,000 stars (Reasenberg & Phillips 1998 ). NASA's proposed Kepler mission (Borucki et al. 1997; Koch et al. 1998 ) will observe fewer stars than FAME, but with continuous time coverage and precision sufficient to detect Earth-sized planets. Therefore, if 51 Pegasi b-type planets are present around 0.5% of solar-type stars , and if 10% of these planets are in favorable orbits as seen from Earth (C00), hundreds or thousands of transiting 51 Pegasi blike planets may be discovered. Sparsely sampled data sets may not be a large impediment to these discoveries.
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